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. Bauer $\mathrm{S}\mathrm{a}\mathrm{m}\mathrm{e}\mathrm{l}\mathrm{S}\mathrm{o}\mathrm{n}[2]$ $f(z)$ $f(z)/q(z)$
Newton $f(z)$ 1 . $q(z)$
$\deg f$ . Jenkins Traub [10] $q(z)$
. 2 $p(z)=Z-Z_{0}$ $q(z)$
. $\mathrm{S}\mathrm{t}\mathrm{e}\mathrm{W}\mathrm{a}\mathrm{r}\mathrm{t}1^{\iota 7}$] $p(z)$ 1
– . $p(z)$ 2 Bairstow [1]
. [18] , $\cdot$ $\mathrm{q}\mathrm{d}$-algorithm K\"onig
. 1 , infinite block Toeplitz
[3].
Grau [7] $N$ $p_{1}(z),$ $\ldots,PN(z)$ .
1 Durand-Kerner [6] . $N=2$
Grau [17] $-$ . 2 ,
Hermite ([4]).
,
([5, 12, 19]). ,
.
,
. ([9, 11, 15])
.




1147 2000 16-27 16
2, $f(z)$ $m+n$ . $p^{*}(z)$ $m$
, $q^{*}(z)$ $p^{*}(z)$ $n$ , $f(z)=p^{*}(z)q^{*}(Z)$ .
$p(z)$ $q(z)$ $p^{*}(z)$ $q^{*}(z)$ . Samelson [17] $p^{*}(z)$
$p(z)+s(z)$ , $s(z),$ $t(z)$ .
$sq+tp=r$, $\deg s<m$ , $\deg t<n$ , (1)
$r\cdot(z)=f(z)-p(z)q(Z)$ . $s$ $t$ $P$ $q$ –
. (1) $s$ $t$ – .
Euclid ([16, 20]).
$g$ $P$ , $v$ $g-v$ $P$
$\deg p-1$ . $v=\mathrm{m}\mathrm{o}\mathrm{d} (g,P)$ . $g$
$\mathrm{m}\mathrm{o}\mathrm{d} (g,p)$ $g$ $P$ . (1)
$( \frac{r}{q})-s=p(\frac{t}{q})$ , $\deg_{S<}\deg p$
. $s=\mathrm{m}\mathrm{o}\mathrm{d} (r/q,p)$ .
$[16, 20]$
. [18] . $||\cdot||$
1 .
2.1 $p$ $q$ $m$ , $n$ . H $m+n$
. $||p||=O(1),$ $||q||=O(1)$ , $\epsilon>0$ $||r||=O(\epsilon)$
$||s||=O(\epsilon)$ , $||t||=O(\epsilon)$ .
(1) $\{s^{(k)}\}$ $\{t^{(k)}\}$ .
$s^{(k)}(q+t^{(k-1)})+t^{(k)}p=r$ , $k=1,2,$ $\ldots$ , (2)
$t^{(\mathit{0})}\equiv 0$ .
$s^{(k)},$ $t^{(k)}$ .
22 $s^{(k)}$ $t^{(k)}$ (2) . 2.1 $k=1,2,$ $\ldots$
$||s^{\mathrm{t}^{k})(1)}-s-|k|=O(\epsilon^{k})$ , $||t^{(k)}-b^{(}-1)|k|=O(\epsilon^{k})$ (3)
. $s^{(0)}\equiv 0,$ $t^{(0)}\equiv 0$ .
$k=1$ 2.1 . (3) $k-1$ .
$||s^{()(-}-1-S$ )$|kk2|=O(\epsilon^{k}-1),$ $||t^{()}k-1-t^{(}k-2)||=O(\epsilon^{k-1})$ . (2)
$(s^{(k)}-s^{(k1)}-)q+(t(k)-t^{(-1)})kk)p=s^{(}(t(k-1)-t(k-2))$ (4)
. $||r||=O(\epsilon)$ , 2.1 $||s^{(k)}||=O(\epsilon)$ . $||s^{(k)}(t(k-1)-$
$t^{(k-2)})||=O(\epsilon^{k})$ . , (4) (3) . $\square$
(2) .
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$||t^{(k)}||--O(\mathcal{E})$ $\epsilon$ $q+t^{(k)}$ $p^{*}$
. (6) (5) .
$q$ $r$ $f=qp+r,$ $\deg r<\deg p$ , $||p-p^{*}||=O(\epsilon)$
$||r||=O(\epsilon)$ . $P$ $p^{*}$ $p+s^{(k)}$
$p^{*}$ . $k=0$ $m=2$ Bairstow – .
$p^{(k)}:=p+s^{(k)},$ $q^{(k)}:=q+t^{(k)}$ .
$f$ $f(z)= \sum_{k=0}^{\infty}c_{k^{Z^{k}}}$ . $R$ . $f$
I $<R$ $\zeta_{i},$ $i=1,2,$ $\ldots$ $|\zeta_{1}|\leq\cdots\leq|\zeta_{m}|<|\zeta_{m+1}|\leq\cdots$
. , $||f||=O(1)$ . $p^{*}=$ im$=1(z-\zeta_{i})$ , $q^{*}$ $f=p^{*}q^{*}$
.
$\zeta_{1}$ , –, $\zeta_{m}$ $\delta<R$
. $p=z^{m}$ $p^{*}$
. (2) $s^{(k)},$ $t^{(k)}$
.










$1/f=\Sigma_{k=0}^{\infty}d_{k}zk$ . $m=1$ , (10) (11) $\sigma_{0k1}^{(k)}=-d-/d_{k}$
. $p^{(k)}=z+\sigma_{0}^{(k)}$ $z=0$ $f$ [l/k–l]- .
$f$ zm+n+l
.
24 $p=z^{m}$ , $r,$ $q,$ $h$ (7) (8) . $n=mK-1$
. $||\Delta p||:=||p-p^{*}||=O(\epsilon)$
$||p^{(k)}-p|*|=O(\mathcal{E}^{\hat{k}})+1$






$h$ $|z|<R$ , $p^{*}$ $\delta<R$ , $w=$















31 $w=\mathrm{m}\mathrm{o}\mathrm{d} (z^{m}+n+1\text{ },p^{*})$ . $q^{(k)}$ $p^{*}$
$p^{*}=p^{(k)}- \mathrm{m}\mathrm{o}\mathrm{d} (\frac{s^{(k)}(\iota(k)-t^{(k-1}))-w}{q^{(k)}},p^{*})$ . (14)
$p$ $p^{*}\in p$ , $w$ $w\in w$
.
32 $\epsilon>0$ $||r||=O(\epsilon)$ . $q$ $\tilde{p}\in p$
$p^{*} \in p^{(k)}-\mathrm{m}\mathrm{o}\mathrm{d} (\frac{s^{\langle k)}(l(k)-b(k-1))-w}{q^{(k)}},p)$ . (15)
$||t^{(k}$ ) $||=O(\epsilon)$ , $q$ $\tilde{p}\in p$
, $\epsilon$ $q^{(k)}=q+t^{(k)}$ $\tilde{p}$ .
$\mathrm{m}\mathrm{o}\mathrm{d} (\frac{s^{\langle k)}(t(k)-t^{\mathrm{t}^{k-}}1))-w}{q^{(k)}},\tilde{p})$
– . (14) $P$ $p^{*}$ , $w$ $w$









$p(z)=a_{0}+a_{1}z+\cdots+a_{m}z^{m}$ $(a_{m}\neq 0)$ .
companion . $\hat{p}$ $p(z)$ $(a_{0}, a_{1}, \ldots, am)^{T}$
.
[18] .
33 $P$ $m$ $z_{1},$ $\ldots,$ $z_{m}$ $P$ . $g$ $z_{i}$
. $v$
$\hat{v}=g(C_{p})e1$
. $e_{1}=(1,0, \ldots, 0)^{T}$ .
$v(z_{i})=g(z_{i})$ , $i=1,2,$ $\ldots,m$ .
$z_{i}$ $v$ ([18]).
$v$ $P$ $g$ Hermite . $g-v$ $P$
, $v=\mathrm{m}\mathrm{o}\mathrm{d} (g,p)$ .
. $A=(\alpha_{ij})$ , $|\alpha_{ij}|$
. $A\leq B$ $i$ $j$ $\alpha_{ij}\leq\beta_{ij}$ .
$B=(\beta_{ij})$ . $\alpha$ $| \alpha|:=\max_{\alpha\in\alpha}|\alpha|$ .
34 $0<\eta<1$ $|\gamma_{k}|<\eta^{k}$ , $h=\Sigma_{k=0}^{\infty k}\gamma kz$ . $v=\mathrm{m}\mathrm{o}\mathrm{d} (h,p^{*})$
, $v$ . $|Cp|$ $\rho(|C_{p}|)$ $\eta^{-1}$
$|\hat{v}|\leq(I-\eta|cp|)^{-1}e_{1}$ .
$v^{(k)}(Z)=\mathrm{m}\mathrm{o}\mathrm{d} (z^{k},p^{*})$ . 33 , $v^{(k)}$ $\hat{v}^{(k)}$
$\hat{v}^{(k)}=(c_{p}*)^{k}e1$
21
.$\hat{v}=\sum_{k=0}^{\infty}\gamma k\hat{v}(k)=k=\sum^{\infty}\gamma k(c)^{k}0p^{*}e1$ .
$k$ $|\gamma_{k}|<\eta^{k}$ $p^{*}\in p$ $|C_{p}$ $|\leq|C_{p}|$ ,
$| \hat{v}|\leq\sum_{k=0}\eta|kc_{p^{*}}|^{k}\infty e1\leq\sum_{k=0}^{\infty}\eta|kC_{p|e_{1}}k$ .
$\rho(|c_{p}|)<\eta^{-1}$ $\sum_{k=0}^{\infty}\eta|kCp^{1^{k}}$ ( [8] ).
$v$
$|\hat{v}|=(I-\eta|C_{p}|)^{-1}e_{\iota}$
$v\in v$ . $w=\mathrm{m}\mathrm{o}\mathrm{d} (zv, p)m+n+1$
$w$ . $P$ $|C_{p}|$




$d=\mathrm{r}\mathrm{a}\mathrm{d}(Z)$ $z:=\{z||z-C|\leq d\}$ $z:=\{c, d\}$ .
$p=\Sigma_{k0^{a_{k}}}^{m}=Z^{k}$ , mid $(p)$ $\Sigma_{k=0^{\mathrm{m}}}^{m}\mathrm{i}\mathrm{d}(a_{k})_{Z^{k}}$ .
$c_{k},$ $0\leq k\leq m+n$ . $k>m+n$ $|c_{k}|<$












for $k=1,2,$ $\ldots,$ $k_{\max}$
compute $s^{(k)}$ and $t^{(k)}$ such that
$s^{(k)}(q+\mathrm{m}\mathrm{i}\mathrm{d}(\iota(k-1)))+t(k)p=\gamma$
If $||s^{(k)()}-Sk-1||\leq\epsilon$ then exit for loop
22
end for
$varrow(1, z, \ldots, Z^{m}-1)(I-\eta|c_{p^{1}})^{-1}e_{1}$
$warrow \mathrm{m}\mathrm{o}\mathrm{d} (Mz^{m+}v,p)\hslash+1$











. $c_{k}$ $e^{x}$ Maclaurin .
$m=3,$ $n=12,$ $\delta=10^{-2},$ $\eta=1/2,$ $M=1$ .
.
$p^{(1)}$ $=$ $z^{3}-\{\underline{7.4999}80503774 \cross 10^{-4},8.5\cross 10^{-8}\}z^{2}$
$-\mathrm{t}\underline{3.74999}0236502$ $\cross 10^{-7},8.4\cross 10^{-10}\}z$
$+\{\underline{1.24999}6747551 \cross 10^{-10},2.8\cross 10^{-12}\}$ ,
$p^{(2)}$ $=$ $z^{3}-\{\underline{7.5000000}27622 \cross 10^{-4},1.2\cross 10^{-10}\}z2$
$-\{\underline{3.7500000}13836 \cross 10^{-7},1.2\cross 10^{-12}\}z$
$+\{\underline{1.25000000}4609 \cross 10^{-10},4.0\cross 10^{-15}\}$ ,
$p^{(3)}$ $=$ $z^{3}-\{\underline{7.4999999999}56 \cross 10^{-4},1.9\cross 10^{-13}\}z^{2}$
$-\{\underline{3.7499999999}78 \cross 10^{-7},1.9\cross 10^{-15}\}z$
$+\{\underline{1.24999999999}3 \cross 10^{-10},6.3\cross 10^{-18}\}$ .




. $q^{*}$ 1 . $m=5,$ $n=15,$ $\delta=10^{-2},$ $\eta=1/2$ ,
$M=1$ .
$p^{\langle 1)}$ $=$ $z^{5}-\{\underline{7.0833}16917107 \cross 10^{-4},1.4\cross 10^{-7}\}z^{4}$
$-\{\underline{4.2708}23418524 \cross 10^{-7},2.7\cross 10^{-\mathfrak{g}}\}Z3$
$+\{\underline{1.24999}7100176 \cross 10^{-10},2.6\cross 10^{-11}\}Z^{2}$
$+\{\underline{1.30208}0955610 \cross 10^{-14},1.3\cross 10^{-13}\}z$
$-\{\underline{2.610}812137458 \cross 10^{-18},2.6\cross 10^{-16}\}$ ,
$p^{\langle 2)}$ $=$ $z^{5}-\{\underline{7.0833333}55294 \cross 10^{-4},1.9\cross 10^{-10}\}z^{4}$
$-\{\underline{4.2708333}46599 \cross 10^{-7},3.6\cross 10^{-12}\}Z^{3}$
$+\{\underline{1.25000000}3879 \cross 10^{-10},3.6\cross 10^{-14}\}Z^{2}$
$+\{\underline{1.30208333}7377 \cross 10^{-14},1.8\cross 10^{-1\epsilon}\}z$
$-\{\underline{2.6041666}74751 \cross 10^{-18},3.5\cross 10^{-19}\}$ ,
$p^{(3)}$ $=$ $z^{5}-\{\underline{7.0833333333}01 \cross 10^{-4},2.7\cross 10^{-13}\}Z^{4}$
$-\{\underline{4.2708333333}14\cross 10^{-7},5.4\cross 10^{-15}\}Z^{3}$
$+\{\underline{1.24999999999}4 \cross 10^{-10},5.3\cross 10^{-17}\}Z^{2}$
$+\{\underline{1.3020833333}27 \cross 10^{-14},2.6\cross 10^{-19}\}z$
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, $c_{k}$ 0.1 64
FFT . , Mathematica
$p^{*}$ .
$p^{*}$ $=$ $z^{3}+7.3711680121192$ $\cross 10^{-4}Z^{2}$
$-4.7678119480547$ $\cross 10^{-5}z$
$-1.1197980731788$ $\cross 10^{-8}$ .
$m=3,$ $n=12,$ $\delta=10-1,$ $\eta=0.5,$ $M=1$ .
$p^{(1)}$ $=$ $z^{3}+\{\underline{7.37116}70951 \cross 10^{-4},1.6\cross 10^{-7}\}z^{2}$
$-\{\underline{4.767811}3222 \cross 10^{-5},1.4\cross 10^{-8}\}z$
$-\{\underline{1.11979}79540\cross 10^{-8},4.4\cross 10^{-10}\}$ ,
$p^{(2)}$ $=$ $z^{3}+\{\underline{7.3711680}211 \cross 10^{-4},5.4\cross 10^{-11}\}z^{2}$
$-\{\underline{4.76781194}78 \cross 10^{-5},4.8\cross 10^{-12}\}z$
$-\{\underline{1.119798}1010\cross 10^{-8},1.6\cross 10^{-13}\}$,
$p^{(3)}$ $=$ $z^{3}+\{\underline{7.3711680}206 \cross 10^{-4},3.9\cross 10^{-12}\}_{Z^{2}}$
$-\{\underline{4.76781194}74 \cross 10^{-5},3.5\cross 10^{-13}\}z$
$-\{\underline{1.119798}1009\cross 10^{-8},2.0\cross 10^{-14}\}$.
6
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